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ABSTRACT 

 Pile foundations are mostly adopted for various types of multi storied and industrial 

structures, buildings and offshore structures. In the design process, ground conditions (soil 

type) play an major role in terms of seismic loads transferred to foundation and foundation 

capacity. These soils are characterized by low bearing capacity and high compressibility. 

Piling is costly but often necessary when buildings are high rise structures. This deals with 

optimization of pile groups with respect to placement in order to minimize the number of 

piles, length of piles and diameter of piles. In traditional design of pile foundations with large 

caps, the super structure loads are assumed to be carried by piles only and contact between 

the pile cap and ground surface is purposefully ignored. Pile foundation behaviour is 

calculated with many researches and the effect of pile length; pile distance, pile arrangement 

and cap thickness are obtained under vertical or horizontal static and dynamic loading. The 

influence of pile length configurations on behaviour of multi-storied are calculated under 

vertical loading. In pile foundations, the optimization is very important for structures. 

 

Keywords-  Pile foundations, bearing capacity, optimization, etc. 

1. INTRODUCTION 

1.1 Overview 

      In foundation engineering, commonly the most popular types of foundations used for 

high rise buildings or special structures are pile foundations. Now a day, due to quick 

urbanization all over the world has led to increase in number and height of high rise building 

because of limited space. Normally while analyzing the building the base is considered as 

fixed and no reaction from the resting face is considered. But actually the underlying strata 

have to be considered for the analysis; here comes the soil structure interaction. In this 

research a high-rise building is analyzed on different parameters, and the foundation is 

designed for each case. For a single building we can see the variation in the foundation 

provided according to different angle of internal friction. To reduce the settlement the piles is 
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used. The high-rise building is designed and most desirable foundation design is adopted on 

the basis of studies conducted on the prototype. 

      Pile foundations are deep foundations used when the site has poor shallow bearing strata 

making it necessary to convey load to a deeper strata by two principles i.e. friction or end 

bearing. Foundations provide support for structures by transferring the load to the rock or 

layers of soil that have sufficient bearing capacity and suitable settlement characteristics. 

There are different types of foundations available which are suitable for different 

applications. Foundations are categories mainly as Shallow foundations and Deep 

foundations. Shallow foundations are provided where the load imposed by a structure are low 

relative to bearing capacity of surface soils. Deep foundations are provided where the 

bearing capacity of the surface soils is not sufficient to support loads imposed on it and hence 

they are transferred to deeper layers with high bearing capacity. 

Pile foundations are deep foundations which are set up by long slender columnar 

elements. They made up of two components: Pile cap and single or group of piles.  Pile 

foundations are mainly used to transfer the loads from super structure, through weak 

compressible strata or water on to stronger, more compact, less compressible and stiffer soil 

or rock. This type of foundation is used for large structures and also in situations where the 

soil is not proper to prevent excessive settlement. 

 

Figure 1.1.1: Pile foundation 
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1.2 Classification of Pile foundations: 

The pile foundations are categories based on load carrying characteristic of piles, type of soil 

and material of pile construction. 

 

1.3 Classification based on load transmission: 

1.3.1 End bearing piles (Point bearing)  

End bearing piles transmit most of their loads to the load bearing layer (which can be dense 

sand or rock). Most of the pile capacity is induce from the end bearing point. 

 

Figure 1.3.1.1: End-bearing pile 

 

1.3.2 Friction piles   

Friction piles transmit their load through the layers through which the piles  pass which is 

mostly through the surface friction (skin friction) with the surrounding soils. Here the piles 

are driven to such a depth that the frictional resistance which is developed at the side of the 

piles equals to the load coming on the piles. 
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Figure 1.3.2.1: Friction pile 

1.4 Previous Studies 

 
As mentioned above, one of the earliest attempts at computerized pile group 

optimization wasmade by Hill (1981). In his report Hill presented a computer program that 

optimized thelocation and batter in order to reduce the cost of the pile foundation. The 

optimization wasdivided into several parts. First the pile cap was divided into a grid where 

piles were placed atall grid points and then the optimal batter was calculated. When the 

optimal batter had beenobtained a search for the optimal spacing was carried out. This was 

done by a series ofdeletion passes where the least or most loaded piles were removed. When 

a set number ofpiles had been removed the spacing was increased. The process was repeated 

until the leastnumber of piles possible was found. In the optimization Hill used the Nelder-

Mead simplex method to find the optimal batter. The Nelder-Mead simplex method is a 

deterministic searchmethod for unconstrained optimization. Hill transforms the constrained 

variables from the pilegroup optimization to unconstrained variables in order to use the 

Nelder-Mead method, whichis said to be less time-consuming than methods for constrained 

optimization.Hoback and Truman presented two papers where they used the Optimality 

Criteria tooptimize the weight of steel in pile foundations (1992a) (1992b). The Optimality 

Criterion is anumerical gradient-based optimization method, which requires that the problem 

is modelledmathematically. In their solution, Hoback and Truman varied the pile diameter 

and batter.Hurd and Truman published a similar research where they optimized the weight of 

steel forpile foundations varying batter, pile diameter and number of piles using a 3-D 

computerprogram (2006). The optimization was performed using the Optimality Criteria. No 

details aregiven explaining how the computer program works. 

The Genetic Algorithm has been used in different forms to optimize pile groups. A 

hybridGenetic Algorithm was used to minimize the material volume of the foundation by 
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mainlyvarying the pile diameter (Chan, et al., 2009). Liu et. al. used an Automatic Grouping 

GeneticAlgorithm to minimize the cost (2012). They varied the pile diameter and the layout 

of thepile group. The piles were divided into different modules where all the piles had the 

samecharacteristics. 

Another example of pile optimization was performed by Kim et. al., who used 

recursivequadratic programming to minimize differential settlements in a piled raft 

foundation (2001).Hwang et. al. used a discrete Lagrange multiplier method to minimize the 

construction cost ofa bridge foundation (2011). There are two examples of pile foundation 

optimization whereonly pile length is varied in order to minimize differential settlements of 

the pile cap.  

 

2. LITERATURE REVIEW 

2.1 Overview 

In this chapter the detailed review of various methods and techniques used to analyze the pile 

foundation system. Many researchers focused on new types of Pile foundation to reduce the 

deflection of the building. Some of the papers are reviewed below: 

2.2 Literature Survey 

Shukla S J, Desai A & Solanki C H 
[1]

“The bearing behavior of a piled raft foundation 

during earthquake is characterized by complex soil-structure interactions. In this paper an 

attempt is made to study the behavior of 25 storey building resting on various types of subsoil 

with piled raft foundation system during earthquake. It has been seen that building supported 

with dense sand gives less displacement in x direction for both pile length l = 15 m and l = 30 

m as compared to loose clay.” 

GhasemianLangroudi, PanjalizadehMarseh ,Heidarpour, Ekramirad and 

Hosseinnezhad
[2]

“Considering the number of  tall buildings and skyscrapers, reviews and 

analysis of Pile - Raft System are very important and may be optimal. Generally, two 

methods for designing Piled Raft System have been used. In the first method, all load carried 

by the pile foundation and raft foundation does not bear any load. In the second method, the 

main load is transferred to the soil by raft foundation and pile is just used for settlement 

control. Analysis of Piled Raft System according to the interactions among soil -pile - raft has 

a lot of problems, however, advances in computer science and memory stick and numerical 
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methods can be used to examine different scenarios. In this paper, the optimization of the 

piled raft system in different condition is evaluated.” 

Reza Ziaie Moayed &MeysamSafavian
[3]

“Pile raft foundation behaviour is evaluated with 

many researches and the effect of pile length; pile distance, pile arrangement and cap 

thickness are determined under vertical or horizontal static and dynamic loading. In the 

present paper the behavior of pile raft foundation with different pile diameters are evaluated 

under unequal vertical loading. The obtained results showed that the total and differential 

settlements of pile raft foundation could be reduced with using piles with different 

diameters.” 

Thirikoko& Dr. Kaythwetun
[4]

 “The paper represents the nonlinear dynamic analysis of 

soil-pile-structure interaction. The critical unfactored column loads, lateral loads and bending 

moment for the design of pile foundation are taken from other study. All necessary checking 

are carried out for both pile and pile cap. In this model, superstructure system is represented 

as a lumped mass and unfactored column load is applied to the center of pile cap. It is found 

that a significant ” 

Saeed Hosseinian& Masoud CheraghiSeifabad
[5]

 “The main focus of the present 

investigation is to evaluate the seismic performance of the fifteen storey, reinforced concrete 

building with piled raft foundation using linear time history analysis by finite element based 

software SAP 2000. The various results such as time period, displacements, base shear and 

settlements are compared and the effect of piled raft foundation behavior is evaluated. ” 

R. R. Chaudhari &Dr K. N. Kadam 
[6]

“The effect of pile length; pile distance, pile 

arrangement and cap thickness are determined under vertical or horizontal static and dynamic 

loading. In the present paper the influence of pile length configurations on behavior of multi-

storied are evaluated under vertical loading. The stiffness of the structure can restrain the 

displacements of the foundations and even tiny differential settlements of the foundations will 

also.” 

DinachandraThoidingjam, Dr.D S V Prasad & Dr. K.Rambha Devi
[7]

 “This study is 

mainly aimed to study the influence of spacing of piles and raft width on the behavior of the 

pile raft foundation in organic clay. Tests were conducted on rafts of size 100x100mm and 

200x200mm of thickness 2mm. The numbers of piles were varied at 1, 4 and 9 and from the 

test results the ultimate bearing capacity of Piles will be increased and the settlement of Pile 

is reduced as the diameter of Pile increases. It is obtained that the settlement in the pile group 
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standing alone are fast in settling in the beginning and reduced after some loading, but in case 

of raft alone slow settlement is observed. ” 

Sushma Pulikanti& Pradeep Kumar Ramancharla
[8]

“In this regard a literature survey has 

been done on Frame structures  supported on various foundations  like isolated footings, mat  

foundations, combined footings or  pile foundations. In this paper, an attempt is made to 

implement the prominent investigations on soil structure interaction analysis of framed 

structures supported on pile foundations. It also covers the analytical methods to predict 

lateral deflections of pile foundations alone (single and Group piles). ” 

A. Murali Krishna, A. PhaniTeja, S. Bhattacharya and Barnali Ghosh
[9]

 “This paper 

presents seismic design of pile foundations for different ground conditions. Estimation of 

seismic loads, for a typical multi-storeyed building considered being located in different 

seismic zones, for different ground conditions according to Indian and European standard are 

presented. Design considerations based on various theories evolved on pile foundation 

performance concepts under seismic conditions are discussed. It is to conclude that ground 

conditions should be considered much prior in the analysis of any structure to evaluate the 

seismic loads acting on the structure which will further influence the foundation design loads 

and foundation capacity.” 

Rameez Gahlot&  Roshni  J John 
[10] 

“In this method the raft is modelled as a thin plate and 

the pile and soils are treated as interactive springs. Both the resistance of the piles as well as 

raft base are incorporated into the model. Raft-soil-raft interactions are taken into account. 

The proposed method makes it possible to solve the problems of uniformly and large non-

uniformly arranged piled rafts in a time saving way using computers.  Settlement of raft as 

well as pile    decreases with increase in pile  length and diameter.” 

Abhirami Raveendran &Alka M Raju
[11] 

“This paper shows that  the resultant 

displacement should be less than the allowable settlement. In case 5, the resultant 

displacement is found more effective since small settlement and the range is almost 

negligible. It is found that the soil pressure variation and the range of settlement in the piled 

raft is more than other foundation cases.” 

Chaithra T P, Manogna H N
[12]

“From the paper it was clarified that the deformation of the 

foundation was drastically dissimilar in the dynamic analysis with that in the static pushover 

analysis, in terms especially of the location of the damage in the piles. The importance was 
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emphasized that the thickness of soil elements in 2-D finite element models should be 

carefully decided according to the effective width of the soil-structure interaction in every 

analytical target.” 

U. Perera
[13] 

“From this paper it has highlighted the quality of associating the lateral load due 

to soil liquefaction and spreading as a result of newly forming earthquakes in the Indo-

Australian tectonic plate. For existing structures that have already been built with traditional 

piling designs, suitable rectifying arrangements preventing pile deformations due to increased 

bending moment is advised, although such can be challenging.” 

3. CONCLUSIONS 

Researchers have used various parameters in pile foundation system for high rise structures. 

Pile foundation having advantages for high rise structure like reducing settlement of 

structure. Different types of analysis were conducted as per various standards and IS codes. 

The common parameters studied by various researchers were varying length of pile, no. of 

pile, diameter of pile; soil structure interaction, etc. were introduced in high rise structure to 

observe the settlement. In this thesis, we considered the various parameters like length of 

pile, no. of pile, diameter of pile, soil structure interaction, etc. in pile foundation system for 

high rise building. The codal provisions IS 1893(Part1):2002 for earthquake load point of 

view and IS 875 (Part III): 1987 for wind load point of view are studied. This standard deals 

with the assessment of seismic and wind loads on various structures and earthquake resistant 

design of building. 
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